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METHOD OF SCREENING FOR GPR40 LIGANDS 



Technical Field 



This invention relates to the identification of a ligand for a G-protein coupled 
receptor (GPCR) and its use in sareening methods, and rational drug design, to. identify 
antagonists and ^onists of the recq)tor, to the antagonists and agonists so identified and 
their use in therapy . • ' 



Back^ound 

The membrane protem gene supafamily of O-piotein coupled rec^tors (GPCJRs) 
has been characterized as having seven piii^ttiw ti^^ llie dakaiiis ^i- 

are believed to represent transmembrane Ict-heKoes connected; by extracellular and ^ 5: - 
cytoplasmic loops. G-protein coTq>led fwejptere mc W yvide .range of biologically " 
active recq)tors, such SB hoimoM, 

G-protdii cbupled receptors ^have ! been diaiactemed'^ ^ 
conserved hydrophobic stretches of about 20 to 30 amino acids, connecting at least eight 
divergent hydrophilic loops. The G-protem family of coupled receptors includes ■ 
dopamine receptors which bind to neuroleptic drags used for treating psychotic and • 
neurological disorders. Other examples of members of this femily include, but are not 
limited to, calcitonin, adrenergic, endothelin, cAMP, adenosine, muscarinic, 
acetylcholine, serotonin, histamine, flirombin, kmin, follicle stimulating hormone, opsins, 
endothelial diflGarentiation gene-1 receptor, rhodopsins, odorant, . cytomegalovirus 
receptors. 

Most G-protein coupled receptors have single conserved cystdne residues in each ■ 
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of the first two extracellular loops which form disulfide bonds that are believed to 
stabilize functional protem structure. The 7 transmembrane regioios are designated as 
TMl, TM2, TM3, TM4, TM5, TM6, and TM7. TM3 has been implicated in signal 
transductioiL 

5 Phosphorylation and hpidation (palmitylation or jEame^lation) of cysteine 

residues can influence signal transduction of some G-protein coupled receptors. Most G- 
protein coupled receptors contain ' potential phosphorylatipn site^ within the third 
cytopla^c loop and/or the cafboxy temiinus. For several j3-proteiii coupled recq)tor8, 
such as Ihe b-adrenoreceptor, phosphorylation by protein kinase A and/or specific 
10 reenter kinases mediates receptor desensitization. 

For some receptors, the Ugand binding sites of G-protein coupled receptors are 
believed to conqxrise a hydrophilic socket formed by several G-protein coiq)led receptor 
transmembrane domains, whidi socket is surrounded by hydrophobic residues of flie & 
protein coupled receptors. The hydrophilic side of each Cr-prolein icbiipleki receptor 
15 transmembrane heUx is postulated to face inward and fotm a polar ligand bindiilg site. 
TM3 *has been intplicated m several' 'G-protein coiqs^ having a ligand 

binding site^ such as '^the TM3 aspartate' i^due^^^^ TM5 serines, a TNi6 asparagine and 
' TM6 or TM7 phenylalanines or tyrosine^ are alsb iinplicated in Ugand binding. ^ 

j G-protein coupled recq>td]:8 caxi be ixiirsbellularly cotq)ied by hikerotiimeric G- 
20 proteins to vcoioiis intracellular e^^ Sae Jolmsbn, et 

: a/., Endoci 'Rev.,' (I9i9) 10: 317-331). Different G-protdn' a-ihbimte 
'Stimulate 'particular efifectors to 'modtUate ' various' biolo^^ a cell. 

Phosphorylation of cytoplasmic r^idues of G-protein coupled receptors hiaVe been 
identified as an important mechaxiism for the regulation of G-proteiil cbig>iing of some G- 
25 protein coupled recqjtors. G-protein coupled receptors are found at numerous sites within 
a mammalian host . 

Over the past 15 years, nearly 150 iherapeutic agents targeting 7 transmidnbrane 
(7 TM) receptors have been successfully introduced onto the market, thereby establishing 
their value as ther^eutic targets. 
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Summary 

A fiist aspect of the present mvention is a method of screening a test compound to 
determme whether tiie compomid is a GPR4Q receptor ligand. The method comprises 
detecting whether the test compound competitively inhibits the binding of a fetty acid 
5 GPR40hgand to a GPR40 receptor. 

■ 

A further abject of the present invention 
GPR40 antagonist activity. The method comprises providing a test cell escpicssing on its 
surface a GPR40 reciter, and cosntainnig a reporter construct comprising a Gq responsive 
transcrqjtional dement and a reporter gene, where expression of the reporter gene 
10 produces a detectable signal. The t^t cell surfece is exposed to. a GPR40 fatty acid ( 
agonist undtar .conditipns that pemmt binding of a GPR40 fatty acid agonist, and then 
exposed to, a test cpmpound. Any detectable signal produced by the reporter gene is 
measured, and compared tp ttie detectable signal that would be ejected, to be produced if 
. cell .were exposed^ only to the CiPR4p .agonist A decrease in fee, detectable signal 
15 ideates tbe.test c^ ...v^: 
' : ; A further 

GPR40 agonist activity. The method comprises providing a cell expressing, on its surjBace 
a CTR40 receptor, . and :, cpnta^^ a . responsive 

trai^crq)tianal.^daii«rt and^.a y/hm rapressipn of .the reporter gene 

10 pipdujces a detect^k ,sign^ . The re^onsiye transcaiptional .element may., be a Gi 
resppnsive trai^ptipn^ elemm responsive transcriptional , element, or a Gi/Gq 
responsive trapscriptiond eleme^ The test compound is contacted to^ the. ctell. surface 
, under conditions tiu4 permit of a GPR40 ligand to the GPR40 receptor, and 

reporter gene expression is detected. 
^ • ■< A present invention is a method of scrBemng a conq)ound for 

GPR40 antagonist activity. The mefliod conqdses providing a cell:e3q)ressing on its 
surface a GPR40 .i;eceptbr, and cantaiuing a reporter construct comprising a responsive 
transoiptional dement and„a reports gene, where expression of the reporter gene 
produces a detectable signal The responsive transcriptional ^^element may be a Gi 
responsive transcriptional element, a Gq responsive transcriptional element, or a Qi/Gq 
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responsive traxiscriptioiial el^ent. The cell sui&ce is e)q>osed to a test CQmpound and a 
GPR40 agofiist under conditions that permit binding of a GPR40 iigand to the CiPR40 
receptor, and reporter gene e^qnression is detected. Decreased reporter gene expression in 
Holg presmce of both test compound and agonist, compared to reporter gene escpression in 
the presence of the <jffR40 agonist only, indicates that the test compound is a GPR40 
antagonist. 

A further aspect of the present invention is a method of scareening a conapound for 
GPR40 antagonist activity where the method comprises detecting wheflier a test 
compound decreases glucose-stimulated insulin release from, or production by, 
mamma lian pancreatic beta cells in tiie presence of a GFR40 agonist, compared to 
glucose-stimulated insulin release that would occur due to the presence of the GPR40 
agonist.- ■ • 

A further aspect of the present invention is a method of screening a coi^ound for 
GPR40 agonist activity, conqnising detecting whether the compound bmds to GPR40 and 
increases ghicbse-stimulated insulin' release fioin^' or production by, jDoammahan' 
pancreatic beta cells. ' ? » 

Brief Description of the Figures 
!.; figure 1 shows the calcium response (measured by diiange in fluorescrace) of 
GPR40 to the &tty acid elaidic acid inHEK-293 cells transidifly ej^xressmg dtii^ 
GPR40, lie mi receptor GPPvVA fee receptor 

Figure 2 shows the results of assays using transiently transfected inelanophdres to 
determine the G-protein coupling of CPR40. Increasing amounts of transfected GPR40 
DNA produced an increase in Gcq/Gcxo activity, indicating tiiat constitutive activity of GPR40 
is through Go4.' \ ' ^: ; oi/. ;. 

* . Figure 3a graphs tiie fold-response of CHO cells expressmg C3lE-luci^ 
human GPR40; there was no inorease in rq>orter activity detected in the CRE system at 
any dose of GPR40 expression vector. 

Figure 3b graphs tiie fold-response of CHO cells eicpressing CR£-luciferase 
Human Gs-coupled receptor; there was significant increase in luciferase activity detected 
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with increasing doses of expression vector. 

Figure 3c gr^hs the effect of calcitonin and eicosatriynoic acid on luciferase 
activity froin CHO cells expressing CRB-luciferase htanan GPR40 or CHO cells 
: eTqjiessing CRE-luciferase with no recq)ton Luciferase production was increased by 
5 calcitonia in both the cells containiogrBportOTOiily and cells containin 

no significant effect of 5,8,1 1 Eicosatriynoic add was detected at any concentration 
tested. . 

Figure 4A shows changes inL-alpha-Lysophpsphatidic add (LPA) stimulated 
reporter activity, with and without pertussis toxin (PTX) treatmmt Host cells consisted 
10 of CHO cells containing GAL4QElkl-ludferase iq)orter constructs; 3G8 and 5F6 are 
.: clonal CHO cen lines transfected with hunian GPR40 arid containing GAI^ 
luciferase rq)orter construct Luciferase production in host cells due to LPA-stimulation 
was abolished by pertussus toxin treatment ; . 

Figure 4B shows changes in 5,8, 11 -Eicosatriynoic add stimulated reporter 
15 activity, with and ^without pertussis toxin (PTX) treatment Cells are as described for 
Figure 4A. Luciferase production due to 5,8,1 1-Eicosatriynoic acid stimulation was 
increased in cells transfected with GPR40, and was not inhibited by pertussis toxin 
treatment .-ye.;, i * ix. .... j-^b-: 

Figure 4C. sliows changes; in thrombin stimulated reporter activity, with and 
20 without pgtossis toxin Cells are as described for Figure 4A Luciferase 

production due to thrombin stimulatiQn was only pardally attenuated following pertussis 
• toxin tresjitment /. .'ii- .r ..: • ;.••-:•*:. ■('i'U>:;? . .' ::?.'.•< 

, Figure 4P^ shows the percent hihibition of luciferase activity following peitussm 

- toxin treatment in CHO cdls e3q)ressing GAL^|/EUCl-luciferase only Oiost cell), and five 
25 different CHO cell clones expressing GAL4/]QJ&l-luciferase and human aPR40. 

, Figure 4E shows basal luciferase counts fixsm CHO cells eaqpressing GAL4/Elkl- 
luciferase only ,(hpst cell), toid different CHO cell clones ejcpressing GAL4/ELK1- 
luciferase and human GPR40, either wifli or without pertussis toxin treatment Clones 
transfected with GPR40 expression construct and BLK-Gal4 rqjorter exhibited an 
30 : increased basal reporter activity compared to that of the host cell line, but this was 
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decreased by up to 70% following pertussis toxin treatment 



Detailed Descriptioii. . 
GPR40 is a recentlj^ described orphan.G-proteiri coupled receptor isolated during a 
search for novel receptors (SawzdargoJVL (1997) Biochem. Biophys. Res. CommiuL 239 
(2), 543-547). The polynucleotide sequmce of human GPR40 (GenBank Accession no. 
NM_005303) is given in SEQ m N0:1 hesnein, and the amino acid sequrace of the 
polypeptide encoded thereby is given in SEQ ID N0:2 herein. 

' - "» • . , • • - ; - ■ • . * • - . f i • • , . , ■ • . ; - " > 

■ ! , • 5 , • • . . ■ " • ■ . I ' • 

More recmtly a mouse GPR40 orfhologue has been cloned and sequenced (US 
patent applicadoxi no. 60/234^3, SmithKline Beecham). The polynucleotide sequence 

• .. • > .. '.■.,5. i ■ - .• T =. ; ' ••,-] -jf . ■ •■ ; .'' ' :. . ' . ... 

ef mouse C3^R40 is given in SEQ ID NO:3 herein and the polypeptide encoded thereby 
has the amino acid sequmce of SEQ ID N0:4 herein. 

The present invention is based on the unusual and une3q>ected fiti^^ing that the 
hunian GPR40 receptor is ispeofically activate by both saturated and unsaturated &tty 
acids. Further, it has been shown that GPR40 is expressed in the human pancreas, more 

• ■. * . .■ . .. • .• • ■ . i • •-) •. ' ;...**"•''■•".•■•'■ .«•'•-..> 

specifically tiie fi cells of the pancreatic islets. 

The present inventors determined that the GPR40 receptor can constitotively act 
through a pertussis toxin sensitive GproteiiL Both Gi and Go (and sub^es thereoi^ 
protems are known to be pertussis toxin sensitive. However, the present inventors 
carried out furthea: research to deteimine that fatty adds were GPR4p ligands that acted 
via Oq protein (pertussis toxin insensitive G protein). 

Many studies have shown that acute treatment of islets with &tty acids (l-3hrs) 
stimulates glucose-stimulated insuhn secretion, wh^eas longer periods of treatment (6- 
24hrs) are inhibitory to glucose-stimulated insulin secretion (Wamotte C. et al (1994), 
Diabetes 43(5):703-711; Zhou YP. et al (1996) Metabolism: Caimcal & Experimental 
45(8):98i-986). There is mounting evidence thai shows that an increase in plasma fatty 
add levels may be detrimental to p-cell function (lipotoxicity). Studies in the ZDF rats, 
£requently used as a rnodel of diabetes, have shown tiiat increased levels of circulating 
fatty acids leads to the production of cemnide, activation of nitric oxide synthase, and 
S5>optosis of P-ceDs (Shimabukuro M., et al (1998) Proc. NatL Acad. Sci. U.S A. 95: 
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2498-2502). We have found that expression of GPR40 is enriched ia hiiman pancreatic 
isl^ by 2-100 fold (four individual samples analysed) for an equivalent RNA input 
compared to human total pancreatic RNA. This tissue locaUsation suggests tfaatthe 

♦ 

receptor may have a role in P-cell fimctioa The finding Oiat fetty adds are hgands for 
CSf R40 may aid in the ducidation of GPR40 fimction m flie p-cell. A conseqaaice of 
acute receptor activation may therefore be enhancement of glucose-stimulated insulin 
secretion whereffcs longer periods may be expiscted to lead to decreases in glucose- 
stimulated insulin secretion and genes associated with glucose-sensitivity of P-cells e.g. 

J • ' ' . ^ . . . ' • - ■ • 

glucokiiiase. On this basis, it is possible that either agonists or antagonists to GPR40 may 
be of therapeutic value for diabetes, and particularly type 2 diabetes. Treatment with a 
GPR40 agonist may be e3q)ected therefore to increase glucose-stimulated insulin secretion 
from P-cells in the short teroL GPR40 antagonists may be of therq)eutic value with 
respect to possible reductions in lipotoxidty and thus function to improve p-cell function. 

This identification of fetty adds as ligands fe QPR40 therefore fedlitates the 
development of screening methods for idaitifying agonists and antagonists of the 
receptor. 



Accordingly, tiie present invention provides a method of identifying compounds 
which bind to and activate (agonist) or inhibit activation (antagonist) of the GPR40 
receptor which method conq)rises using GPR40, in combination with fetty acid GPR40 
ligands of C6-C23 saturated or unsaturated fatty acid, optionally containing up to 6 aUcene 



V.f 'I 



or 3 acetylene bonds, optionally cyclic or branched, and optionally substituted with 1-3 
hydroxy groups. 

As used herein, "GPR40** refers to a receptor polypeptide haying at least 95% 

• '. •■' " ' ' * • ;. i;.^)- • ■ f-. ■ ■ .. ^ '* '■ *. •'■ • : -(Uii'' ' t '. 

identity to tiie polypeptide sequence given in SEQ ID N0:2, and having QPR40 function; 
25 GPR40 receptor polypeptides used in the methods of the present invention are preferably 
mammalian, and more preifeably human. GPR40 also refers to derivatives of the receptor 
useful in the screening or rational drug design methods disclosed herein. Such derivatives 
include portions of tiie polypeptide of SEQ ID N0:2 which retain ligand binding fimction. 
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Preferably die fatty add ligand is selected from the group consisting of: 



1) tcans-retindc add (Vitamin A add; Tretinoin) C20 H28 O2 (Ifesat) 

2) ds-4,7,10,13,16,19-Docosahexaenoic acid C22 H32 O2 (Unsat) 

3) Pahpitic acid C16 H32 O2 (Sat) 

4) Pentadeconoic acid C15 H30 O2 (Sat) 

5) Elaidic add Cig H34 O2 (Unsat) 

6) Petroselinic acid Cj^g H34 O2 (Unsat) 

7) Heptadecaaoic acid C^y H34 O2 (Sat) 

8) Tridecanoic acid C13 H26 O2 (Sat) 

9) Laurie add (Dodecancic add) C12 H24 O2 (Sat) 

10) Arachidonic add C20 H32 O2 (Unsat) 

11) Linolenicacid CigHso O2 (Unsat) 

12) Fahmtoldc add C16 H30 O2 (Unsat) 

13) Capric acid Cio H20 O2 (Sat) 

14) Myristicacid Ci4H28 02(Sat), > 

■ 

.15) Stearic add C18 H36 P2 (Sat) . . 
16)UndecanpicacidCiiH22P2(Sat) 
16) Eicosatriynoic acid 



In this list "saf ' re£^ to saturated and '^unsaf' refers to nnstaurated &tty add. 

As used heareinbelow the teem 'Tatty add ligand" is defined as a fiitty add ligand 



of the invention, whidi ligand is a C6-C23 saturated or unsatmiated Mty acid, optionally 

, * ■ 

containing \ip to 6 alkene or 3 acetylene bonds, optionally cyclic or branched, and 
optionally substituted with 1-3 hydroxy groups. 

"SI-.,} -l.'- - t t t ^ • . ■ • ■ ■■• 

Compounds identified using the methods of the invention may be usefiil in the 
10 treatment of type n diabetes (non-msulin d^endent diabetes meUitus, NIDDM) and 
obesity, glucose intolerance, insulin resistance, neurodegenerative disease (for example 
Alzheimer's disease) and other indications such as stroke. 

• . • * ' ■ ..••/:<•• . - V- t ' , 1 ' { » > ' ' . " '< '.,'. 

In a first embodiment, an agonist or antagonist of GPR40 may be identified by 
contacting a cell expressing on the surface thereof the receptor GPR40, said receptor 
15 being associated with a second component capable of providing a detectable signal in 
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response to the binding of a compound to said receptor, with a compound to be screened 
under conditions to pemait binding to the receptor, and detemmiing whether the compound 
binds to, and activates, or inhibits, the receptor, by detecting the presence or absence of a 
signal generated from the interaction of the compound with fhe recq)tor, optionally in flie 
5 presence oflabeledorunlabeledhgand, for example a &tty acid ligand. 

la a iurth^ embodhnent; an agonist or antagonist of GPR40 may be identified by 
determining the mhibition of binding of a ligand (e.g., a fetty acid ligand) to cells which 
have the GPR40 receptor on the surface thereof or to cell membranes containing the 
receptor, in fhe presence of a candidate compound and under conditions permitting . 
10 binding to the receptor. By determimng the amount of ligand bound to die recq)tor, a ( 
compound capable of causmg reduction of binding of a ligand is identified as ah agonist 
or antagonist of GPR40. 

■ 

In general, such screening mediods involve providing appropriate cells which 
express GPR40 on the surfece fliereot Such cells include cells fix>m mflmmalg 
15 (e.g., Chinese hamster ovaiy (CHO), HEK (human embryonic kidney). Beta cells of 
. pancreatic islets), melanophore cells, and cells of DrosophUa or E. colt ik paxticular, a 
polynucleotide encodmg GPR40 is ^ployed to traiisfect' cells to thisrbby express said 
receptor. Constmction of expression vectors comprising a GPR40-encoding 
polynucleotide and transfection of cells with said GPR40 mpression vectors can be 

20 aclueved usmg standard methodSi as desciibed in, for example, Sambrook et al.. 
Molecular Qoning: A I^ratory Manual, 2"* Ei, Cold Spring Habor Laboratory Press, 
Cold Sprmg Harbor, N.Y. (1989). Receptor expression may be transient or stable. ^ 
PreJSsrably, the expfessioil is stable. More prefCTably a Tttflrnmaliftn ftkll ijur is ll^nfff^fid 
with an expression vector ccnnprising a nucleic acid sequence encoding the GPR40 

25 recq)tor, for «ample the polynucleotide of SEQ ID NO: 1 , or the coding region thereof 
and the cell line then' oiltured in a cultaire medium such that the receptor is stably 
expressed on the surface of fhe cell. The expressed receptor is then contacted with a test 
conrpound to observe binding, stimulation or iidubition of a functional response, in the 
presence or absence of a ligand (siich as a fetty acid Ugand as hereinabove described). 

30 Assays as described herein may utilize intact cells e}q)ressing functional GPR40, 
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or ceU m^branes contaming the receptor, as is Im 

Alteraatively a soluble portion of the GPR40 receptor (ie. not membrane-bound) 
comprising the ligand binding domain may be expressed in the soluble fraction, either in 
the uitracellular compartment or secreted out of the cell into the medium. Techniques for 
the isolation and purification of expressed soluble receptors are well imown id the art. 

An example of a screening method includes ei^ressing G]^R40 in which the 
receptor is linked to phbspholipase C or D. Represeaxtadve examples of such ceUs 
include, but are not limited to, endothelial cells, smooth muscle cells, and embryonic 
kidney cells. The stealing may be accon:Q)lished as hereinabove described by detecting 
activation of the recq)tor or inhibition oiF activation of the fecieptor from the 
phospholipase second signal. 

Aiiother method involves screeDii:^; for cothpounds which are ligands of GPR40 
by determining the inhibition of binding of a labeled ligaiid (such as a 'fatty acid ligand) to 
cells whic^ have the irecqitbf ozi the surface therebf, of to cell membimes era the 
receptor. Siich a niethod involves tiansficting ' a kikaiybtic cell with DNA encoding 
GPR40 such fhat the cell expresses the receptor oh its sur&ce. The cell is men contacted 
with a test compound in the jpreseoce of a lat>ded form df a ligand, sucli as a lai^elled &tty 
add ligand. The ligaiid can be labeled using any suitable meltiod ais is kiiami in flie art, 
inciudmg radioactivity (e.g., with ^^-^lodme), fluorescent compounds, P-glucuronidase, 
ludferase, etc. The amount of labeled ligand bound to the reciters is measured^ e g., by 
measuring radioactivity associated with transfected cells or membranes from these cells. 
If the test compound binds to the recq)tor, the binding of labeled ligand to the receptor is 
inhibited as determined by a reduction of labeled ligand which binds to the recq)tors. 
This inelhod is geheraUy refeixed to as a bindi^ 

A iur&er screemng method involves the use of mammalian cells which are 
transfected to express functional GPR40. The cells are loaded with an indicator dye that 
produces a fluorescent signal when bound to calchun, and the cells are contacted with a 
test substance aind/or a redsptor agonist, such as a fatty acid ligand. Any change hi 
fudresceat signal is measuied over a defined period of time using, fat example, a 
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fluorescence spectrophotometer or a fluprescence imaging plate reader. A diange in Ihe 
fluorescence signal pattan generated by flie liganfl indicates fliat a compound is a 
potential agonist for the receptor. A decrease m the fluorescence signal pattern gen^ted 
by the agonist in the presence of the test compound indicates that a compound is potential 
5 antagonist for the receptor. 

Another method involves SCTeening for GPR40 ligands by detennming effects on 
receptor-medi^.ted cAMP and/or admylyl cyclase accumulation. Sudi a method involves 
transiently or stably transfecting a eukaiyotic cell with GPR40 to eqjress flie receptor on 
the cell surface. The cell is then e^qposed to test compounds in the presence or absence of 

10 a GPR4P agonist, suchjas a fitty acid. The change in cAMP level is then measured over a 
defined period of time, for example, by nuBo-immuno or protem binding assays (for 
example using FlashPlates (PerkinEhner Life Sciences) or a sdntiHation proximity 
assay). Changes in cAMP levels can also be determined by directly measurinc the 
activity of the enzyme^ adenylate cyclase, in broken, cell preparationSi If the test 

15 compound binds the receptor and affects GPR40 activation, the levels of GPR40- 
mediated cAMP, or adenylate cyclase activity, will be reduced or increased. 

* 

Various methods are known in .tiie art to detect GPC31 activation, depending in 
part on the G-prptdn to which the receptor is coupled. ,For exaumle. activation of the Gi 
pathway decreases adenylyl cyclase activity, and Gi signaling may be detected by 
measuring the inhibition of forskolin-stimulated cAMP accumulation. (Wong et aL, 
Methods Enzymology, 238:81 (1994)). 



20 



The use of rqporter-based assays is known in the art to identify GPCR ligands. In 
g^jieral, such assays utilize recombinant cells expressing a functional target recq)tor 
25 protein whose signal transduction activity is modulated by interactioii, with an 
extracellular ligand, y/iih the traosductiaa activity beiog able to geaerate a detectable 
signaL See, e.g., Chen et al., J. Pharmacol Toxicol. 42:199 (1999); Stables et aL, J. 
Recept Signal Tranaduct Res. 19:395 (1999). 

To illustrate, the transduced intracellular signal is initiated by the specific 
30 interaction of an extracellular ligand with the receptor on flie cell surfece. This interaction 

• !l ..*• .11 
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initiates a series of intracellular events that result in a rapid and detectable change in the 

m 

transcription or translation of a gene. By selecting transcriptional regulatoiy sequences 
that are responsive to the transduced intracellular signals and operatively linking the 
selected promoters to rq>ortar genes whose transcription, translation or ultimate activity is 
5 readily detectable and measurably the transcription; based assay indicates whether a 
specific receptor interacts wife a test compound to influence intracellular transduction. 

» 

See, e.g., Himmler et al., J. Receptor Res. 13:79 (1993); Weyer et al.. Receptors and 
Channels 1:193 (1993); Bevan et al.. Neurorq)Qrt 9:2703 (1998). 

Using such assays, test compounds that induce receptor signaling can be identified 

10 (agonists). Alternatively, the assay can test conipounds &r the ability to potentiate flie 
induction respraose gaierated by treatment of the cell witii a known agcmist If the test 
compound does not appear to directly induce the activity of the nceptot piotem, the assay 
may be repeated wifli the recombmant cell first bemg contacted with a known acti\^r of 
the target receptor to hiduce Hbe signal trahsductiott pafliway (and generate the detectable 

15 signal). Test compounds may then be assayed for flie ability to antagonize (inhibit or 
block) the activation of the receptor by a known'agonist activator. ' 

As iused herein, an 'Agonist" refos to agents' whidi either induce abtivafion of 
receptor signalling pathways, e.g., such as by mimickmg a ligand for the receptor, as well 
as agents which potaatiateiflie sensitivity of fhb receptdr to a ligand, elg.; loWer the 

20 concentrations of Hgahd required to mduce a particular level of receptor-dependent 
signalling.-' ^ •.i^-iiru' t.-'tm^.: . -i ,.vr:;l :. ? : ■ 

:CeUs utilized m such assays may ©qiress the receptc* of intdrat endogenously, or 
may be engineered to ejqross 'a ' heterologous target receptor proteiiL Meiflibds for 
introducing heterologous DNA mto eukaiyotic'cells are known in the art aiid any suitable 
25 method may be used. As is known in flie art, it may be desirable to inactivate one or more 
..endogenous g^es of the host cells (e.g., the gene for the homologous receptor). 
Additionally, other proteins involved in signal transduction from the target recejitbr can 
be inactivated, or complemented with an ortholog or paralog from anotha- organism, e.g., 
yeast G protein subunits can be compl^nented by mammalian G protein subunite in yeast 
30 ceUs also engineered to e3g)ress a manmiahan G protem co^^ 
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The host cell may contain a reporter construct comprising a rq)orter gaie in 
operative linkage with one or more transcriptional regulatory elements responsive to the 
signal transduction activity of the receptor protein. Exenq)laiy reporter genes include 
enzymes .(e.g,. lucif^^ase, phosphatase, secreted alkaline phosphatase, p-galactosidase, 
5 green fluorescent protein, beta lactamase, chloraaq)hemcol acetyl transferase) which can 
produce a spectrometrically. active label (e.g., changes in color, fluorescence or 
luminescence), or a gme product whidi alters a cellular phenotype (e.g., cell growth, drug 
resistance or auxotrophy). 

, As used herem, a *^q>orter gaue constracf * is a nucleic add molecule that includes 
10 a rq)orter gene pperatively linked to transcriptional regulatory sequence(s) or elemait(s) ( 
• which control trans.crq>tion of the reporter gene. The activity of at least one or more of 
these control sequences is directly or indirectly regulated.by the target receptor protein. 
The transcriptiopal regulatory sequmces include the promoter and oflxer regulatory 
regions, such as enhancCT sequences, , that modulate , the .activity or 
15 regulatory sequences, that modulate the activity or efficiency of the RNA polymerase that 
recognize the promoter, or regulatory sequences are recognized by. effector molecules, 
including those that are specifically.induced by interaction of an extracellular signal wiOi 
the target recq?tor. For, example, iftpdulation of.the activity of. the promoter inay be 
effected by altering the KNA polymerase binding to the promoter region,, or, alternatively, 
20 , by interfering with initiation pf transcription or elongation of the mS24A.=SuGh sequences 
are hereia collectively referred to as transcriptional regulatory elements or sequences. In 
Edition, the construct may include sequoices of nucleotides that alter translaticm of the ' 
resulting mJRNA^ thereby dterm *i 

The level of expression of the rq)ortK gene provides the receptor-dependent 
25 detection signal The amount of transcription fiom flie reporter gene may be measured 
usmg any suitable method known to those of skill m the art For exanq>le, q>ecific 
mRNA expresaon may be detected using Northern blots or real-time quantitative 

Polymerase Chain Reaction (PGR) such as that available as TAQMAN®; or specific 

protein product may be identified by a diaracteristic stain or an intrinsic activity. The 
30 reporter gene may encode a gede product that, by enqonatic activity, gives rise to a 



(C) 2003 Copyright Derwent Information Ltd. 



wo 02/057783 PCTAJSOl/48985 

14 

detection signal based on color, fluorescence, or luminescence. The response of the 
reporter gene is then compared to the response in either the same cell in iOie absence of the 
test compound, or it may be compared witii the response in a substantially identical cell 
that lades the specific receptors. Any statistically or otherwise significant difference in the 

* 

response indicates that the test compound has altered the activity of the specific receptor. 

Agonists and antagonists are **receptor effectof* molecules that modulate signal 
transduction via the receptor. Receptor effector molecules are capable of binding to the 
receptor, though liot necessarily at the binding site of flie natural ligand. Receptor 
effectors can modulate signal transduction when used alone (surrogate ligands), or can 
alter signal transduction in the presence of the natural ligand, either to enhance or inhibit 
signaling by the natural ligand. For example, ''antagcmists" are molecules that block or 
decrease the signal transduction activity of receptor, e.g., th^ can competitively, 
noncompetitively, and/or aUosterically iiihibit signal kansduction irom the receptor, 
whereas "agonists" pot^itiate, induce or otherwise ' eiAance^ the - transduction 
activity of a receptor. The tem:is *'receptor activator'* and "surrogate lig^d" refer to an 
agoidst which induces signal transduction from i xe^ 

"Signal transduction** is the jirdcessing of che^ signals fi:oxn the cellular 
environment through the cell membrane, and may occur fliixiug^ dhe or more of ^eral 
mechanisms, such as phosphorylation; activation of ion^^^^c^^ enzyme 
activation via guanine nucleotide binding prdtdn xatGErmediates,''Mhui^ inositbl 

* 

phosphate, • activation of adenylyl cyclase, and/or direct activatidn (oi: inhibition) of a 
transcriptional fiotor. The tenn ' Wdolation of a sigjial transduction activity of a receptor 
protein" in its vmous grammatical forms, as used herein, designates induction and/or 
potentiatidn, as well as inhibition of one or more signal transduction pathways 
downstream of a recq}tor. ^ . . \.n 

Methods utilizing pigment cells for identifying GPCR Ugands are known in the 
art In general, the niethod utilizes pigment cells capable of dispersing or aggregating 
pigment in response to a receptor-mediated stimulus, and which express an exogenous G- 
protein coupled receptor. The condition of the pigment (aggregation or dispersion) in 
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response to a test compound indicates whether the test compound interacts with the 
expressed GPCR. See, e.g., US PateutNo. 5,462,856; US Patent No. 6,051,386. 

Xenopus laevis melanophores are able to functionally ^ress recombinant 
receptors which coii^le via G-proteins to adenylate cyclase or phospholipaSe C (PLC). 
5 Receptor-mediated stimulation of either of these enzymes causes dispersion of 

m 

melanosomes, while receptor stunulatTon that mhibits adenylate cyclase induces 
melanosome aggregatioiL Various assays have been devised utilizing Xraopus 
melanophores tansfected with a GPCR of interest, to detect the agonist (or antagonist) 
effects of test compounds on the receptors. See, e.g., Chm et al., J. Pharmacol. Toxicol. 
10 . 42:199 (1999); McClintock et al., Anal. Biochem. 209:298 (1993); Potenza et al.. And ( , 

Biodiem 206:315 (1992); Potoiza et aL, Pigment Cell Res 5:372 (1992)). ^ 

The Fluorpmetric Imaging Plate Reader (FLIPR™, Molecular Devices, UK) 
measures in^cellular fluorescense in multi-well microplates.i ; Where a GPCR couples to 
15 a calcium sigoapmg pathway, the FLIPR system can be used with cells expressing the G- 
protein coupled receptor arid contaiiyng calcium-SMisitive fluorescent dyes, to monitor the 
; . : ; intracellular calcium flux that occurs after activation of the. frcoupled receptor. See, e.g., 
^ . Kirk et aL, J. Bipniolw^^ .. . . i . ;v 

Certain GPCRs do not, coiiple with calcium signalling pathways, while others 
20 niay npt . sipial: through calcium pathways depending on ithe :type of cdl in which the 
receptor is expressed. , In such,. situations, chimeric .G proteins have been utilized to link 
the receptor to calcium signaling in transfected cells, fliereby allowmg the use of high ' ) 

throughput EUPR assays. (Wada et aL, Developing a High: Throughput Ifunctional 
SCTeening Assay for Gi/o-cpupled Cloned Receptors usmg the FLIPR™ System, 
25 published by Molecular Devices, 2001; Coward et aL, Chimeric G-protenis allow a high- 
throughput signaling assay of Qi-coupled recqptors, Analytical Biochemistry 270:242 
(1999)). Coward et al report the use of diimeric G proteins that allow Gi-coupled 
receptors to signal through Gq and generate a detectable calcium response m CHO cells, 
measured using FLIPR™ technology. 



(C) 2003 Copyright Derwent Information Ltd 



wo 02/057783 



FCT/USOl/48985 



16 

Accordingly the present invention provides methods of screening test compoimds 
to determine whether the compound is a GPR40 recqptor ligand, by detecting v^rhether the 
test compound competitively inhibits the binding of a'&tty acid GPR40 ligand to a 
GFR40 receptor. The fatty acid ligand may be labeled with a detectable label as is well 
5 known in the . art. As used herein, detectable labels include moieties that can be detected 
by visual inspection (e.g., that include or produce colored elements), or detected with the 
aid of artificial detection systems, including, e.g., optical systems, spectroscopic systems, 

« 

radiogr^hic systems, and the like. The detectable label may be selected from among 
radioisotopes, fluorescent dyes, and enzymes. 
( 10 . The present invention also provides methods of screening test compounds for 

i • 

GPR40 antagonist activity. One such method utilizes a test cell expressing on its surface 
a GPR40 receptor, and containing a reporter construct comprising a Gq responsive 
transcriptional element and a rqporter gene, where expression of the rq}orter gene 
produces a detectable signal The test cell sur&ce is exposed to a GPR40 &tty acid 

IS agonist under conditions that pemiit biiiding of the GPR40 fatty acid agonist to the 
GPR40 receptor^ and then the.cell sur&ce is exposed to the test confound idader similar 
conditions. The detectable signal produced by the reporter gene is then measured, and 
compared to the detectable signal that would be expected td occur in the presence of the 
GPR40 fatty- acid agonist only (ia; m the absrace of the test c6nq>ound). This 

20 comparison may be. a side-by-side comparison of the detectable signal in a canixol cell 
(i.e., a cell similar in all ways to flie test cell, but exposed to the GPR40 &tty add agonist 
; in the absence of test compound). Altematively the comparison may be to a standard that 

i^ detecmined prior to or after the test cell is processed, i.e., a control experiment that was 
conducted prior to or after the detectable signal to establish a quantitative or qualitative 

25 standard that is used in the comparison. 

The present . invention further provides methods of screening a compound for 
GPR40 agonist activity. One such method utilizes a cell escpre^sing GPR40 receptors on 
its surface, and containing a r^orter construct comprising a responsive transcriptional. 
. element and a reporter gene, where expression of the reporter gene produces a detectable 

30 signal. The transcriptional element may be a Gi responsive transcriptional element, a Gq 
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responsive transcriptional element, or a Gi/Gq responsive transcriptional element The 
cell surfece is contacted with (i.e., exposed to) a test compound, under conditions that 
permit binding of a GPR40 ligand to the CaPR40 receptor, and any reporter gene 
expression is detected (indicating that the test compound has GPR40 agonist activity). 
5 , The present inveation furliier provides methods of screening a compound fi)r 

GPR40 antagonist activity. One such method utilizes a cell expressing on its surface a 
GPR40 receptor, and containing a reporter construct comprising a responsive 
transcriptional elanent and a reporter gene, where ©qpression of the reporter gene 
produces a d^ectable signaL The responsive transcriptional element may be a Gq 
10 responsive transcriptional element or a Gi/Gq responsive transcriptional elemmt The ( 
cell surfece is exposed to (Le,, contacted with), a test compound and a GPR40 agonist, 
under conditions that permit binding of the GER40 agonist to the GPR40 receptor. 
Subsequent reporter gme eiqpression is detectedi and decreased reporter gene expression 
in the presence of both test compound and agonist (compared to r^orter gene esqiression 
15 expected in the presence of said GPR40 agonist only), indicates that the test compound is 
a GPR40 antagonist As .desraibed previously herein, comparison of the Jieporter gene 
,e35)ression in: the test cell. may be made with, a control .cell, or to a known standard 
J quantitative orquaHtative req)onse, .vi . . ■ ;« 

, As used hereiii, a Gq responsive transcriptional element is one that responds (is 
20 activated) upon activation of a Gaq (or Gctq subtype) linked receptor. As is kaown in 
• the art, Gq pibtems are pertussis ' toxin nisensitive Q-proteins. As' used herdn, a Gi 
responsive transcriptional element is one tiiat responds (is activated) \xpon activation of a 
' Gcd (or God subtype) linked receptor. ■ As is known in the art, Gi luteins are pertussis 
toxin sensitive Q-proteins (as are Go). As used herem, a Gq/Gi responsive transcriptional 
25 element is one that responds (is activated) upon activation of a Qaq-linked receptor (or 
Gccq subtypes), or a Gal-lmked recq)tor (or God subtype). One Siidh Gq/<3i responsive 
transcriptional element is tiie GAL4yEIIc-l (see, e.g., Sevan k 'al., Netiroreport 9:2703 

^ (1998)). - ^ ^ - - ' 

* ' ft* 

The present urvehticm iinther provides mefliods of screening a compound for 

30 CTR40 ' antagonist activity, by detecting whether the compound decreases glucose- 
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stiinulated insulin release firom mammalian pancreatic beta cells (or insulin production 
wifhin mammalian pancreatic beta cells) in the presence of a GPR40 agonist, compared to 
glucose-stimulated insulin release diat would occur due to the presence of the GPR40 
agonist, the '"expected* insulin release due to the presence of the GPR40 agonist may be 
established by carrying out a simultaneous or subsequent control experimeut, or raay have 
be a pre-detennined standard. Various methods are known in the art for measuring 
insulin release from, or production wifhin, cells. Any suitable method may be utilized in 
the present methods. ? : ' 

The present invention further provides a method of screening a compound for 
GPR40 agonist activity, by detecting whefiier the compound binds to GPR40 and 
increases glucose-stunulated insulin "release from (or insulin production within) 
mammalian pancreatic beta cells. 



Convmely, further receptors for which the fiatty acid ligands of the invention act, 
as ligands may be identified by screening potential candidates against a fiitty acid ligand 
in a suitable assay/ for instance determining poteistial inhibition of forskolin-elevated 
cAMP levels. 

Kits suitable for carrying out ttie preseat methods may contain: 

(a) GPR40 and one or more labeled or uiilabeled fatty add ligands; 

(b) a recombinant cell expressing GPR40 and one or more labeled or unlabeled 
fatty acid ligands; or 

(c) a cell membrane expressing GPR40 and one or more labeled or unlabeled fatty 
acid ligands . 

It will be appreciated that in any such kit, (a), (b), or (c) may comprise a substantial 
component 

Agonists and^or antagonists may be identified fiom a variety of sources, for 
instance, from cells, cell-free preparations, chemical libraries and natural product mixtures. 
Such agonists and/or antagonists may be natural or modified substrates, ligands, receptors, 
enzymes, etc., as the case may b^ of any of the &tty add ligands of the invention; or may 
be structural or functional mimedcs of the polypeptide of ihe preseat invention (see Coligan 
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et al.. Current Protocols in Immunology l(2):Caiq)ter 5 (1991)). 
Examples of potential antagonists include: 

(a) antibodies or, in some cases, oligonucleotides, which bind to the receptor but 
do not elicit, a second messenger response such that the activity of the receptor is 

5 prevented; • 

(b) fetty acids which are cbsely related to a ligand of GPR40 but which ehcit no 
response from the GPR40 receptor; - 

© small molecules which bind to CTR40, making it inaccessible to ligands such 
that nomial biological activity is prevented, for example, small peptides or pq)tide-like 
10 molecules; ( 

(d) soluble forms of (ffR40, e.g;, fragments of the recq)tor, which bind to the 
ligand and prevent the hgand from mteracting with membrane bound GPR40. 

The invention fiirther provides a method of rational dmg design compiising the 

steps: 

^- . ; 

15 a) probing the structure of a fatty acid ligand-binding site on the GPR40 receptor 

with said &tty acid ligand or a derivative thereof; 

b) identifying contacting atoms m the bindmg site of the GPR40 receptor that 
interact with a jEatty acid ligand during binding; and 

c) designing agonist or antagonist c6nq)ounds that interact with the atoms in the 

20 binding site identified in (b) to activate (E«onist) or njhibit activation (antagonist) of the 

i ■ ' . . ■ ■ • . ' ■ • . ■ ■■ ■ 

receptor. 

« 

Q)nv6rsdy, the structure of any of the &tty acids Ugands when boimd to ) 
ligand binding site on the GPR40 receptor can also be detemrined, enabling the design of 

• • • 

furflher antagonist compounds. Such antagonists bind to the fatty acid ligand, thereby 
25 preventing the binding of the fetty add ligand to the receptor. Methods of using ligands 
or their daivatives to probe the structure of flie Jigand binding sites in recq)tors, and 
ratioiial dmg design based on this structural information are well known in the art (see for 
^sxssap)s'BoY\e^S^dXBioorg<mic&Me^ 1994,2, 101-113; Beck- 

Sickmger, A.G et al, European Journal Of Biochemistry 1994, 22S. 947-958; McWharter, 
30 CAetaLj:5zo2;Cfto«. 1997,272, 11874-11880; Horwell,D.CetaL //i/en»a«onfl/ 
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Journal of Peptide & Protein Research 1996, 48, 522-53 1; Bednarek, M.A. et al. 

» 

PgjiMfay 1999, 20. 401-409). " " ,' 

Conipduiids identified using the above scre^aing or rational design methods will 
be of use in therapy. Accordingly^ in a further aspect, the present invention provides a 
5 compound identified as an agonist or an a;itag;onist of GPR40 for use in therapy, in 
particular for treating type II diabetes (iion-insulin dq)endent daibetes mellitus, NIDDM) 
and obesity, glucose intolerance, insulin resistance, neurodegenerative disease (for 
escample Alzheimer's disease) and other indications such as stroke, among others. 

Accordingly, in a further aspect, this invention provides a method of treating an 

10 abnormal ccmditibii related to an excess pf GPR40 activity and/or ah excess of a GPR40 
ligand (for example a &tty acid ligand). The method comprises administering to a patient 
m need fheieof a GPIUO antagonist ais hisreinbefore desoibed in an amount effective to 
block or decreiase binding of ligands to the receptor, or to inhibit or decrease a second 
signal, thereby iaileviating the abndnnal condition. 

15 In still another approach, e3q>ressicm of tiie gene encoding endogenous GPR40 

polypeptide can be inhibited using e^^ression blocking techniques. Known such 
teclmi(pes involve the use of antisehsiB seq^ 

externally administered (see, for example, O'Coinof, J Neiirochem (1991) 56:560 in 
OHgodeoxyhucieotides iais 'Antisense Inhibitors of Gene Expression, CRC Press^ Boca 

20 Raton« FL (1988)). AltenGiativeiy, oligonucleotide^ which form triple helices (''triplexes*') 
' ' with the gene can be siq)pUed (see, for example, Leie et al, Nucleic Acids Res (1979) 

6:3073; Cooney et al, Science (1988) 24 1 :456; Dervan et al. Science (1 99 1)251:13 60). 
' These oligomers can be administered per se or the relevant oligomers can be expressed in 
vivo. Synthetic iantisense or tc^lex oligonucleotides may comprise modified bases or. 

25 modified backbones. Exiamplbs of the latter include methylphosphonate, 

phosphorothioate or peptide nucleic acid backbones. Such backbones are incorporated in 
the antisense or trq>l^ oligonucleotide in order to provide protection fiom degradation by 
nucleases and are weD known m the art Aiitisense and triplex molecules synthesised 
with these or other modified backbones also form part of the prdsent invention. 

30 In addition,' expression otfbs human GPR40 polypeptide inay be prevented by 
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% ^^^^^^^ mKNA sequence. Ribozymesare 

catalyticaUy active RNAs that can be natural or synthetic (see for esuaapla Usman, N. et 
ai, Cuir. C^in. Struct. Biol ,(1996) 6(4), ^27-33.) Synthetic ribozymes can be designed to 
specifically cleave GPR40 mSNAs at selected positions thereby preventing translation of 
5 the human GPR40 igRNAs into functional polypq>tide. . Ribozymes may be synthesised 
with a natural ribose jibospbate baddbone and natural bases, as normally found in RNA 
molecules. Alternatively the ribozymes may be synthesized with non-natural backbones 
to provide protection fiom libouuclease degradation, for exmaple, 2'-0-metbyl RNA, and 
may contain modified bases. 

aUows for the effective identification of polyclonal or monoclonal antibodies raised 
aganst GPR40 which are neutralizmg antibodies. Such neutrahzing antibodies are of use 
in ther^y, in compamon to non-neutializiQg anfaTiodies which are meffective. 
Accordingly, in a fbrther aspect, lie pijesent inyention provides for the use of neutralizmg 
antibodies raised against GPR40 in theraDv. 

(^ppimds which are active wjben gjyen orally can;be,fomiulated.as liquids, for 
example ^s. suspenacms.or emuMons, tel?lete, capsules,,and,^ A Hquid 

formulation ^,gei?^y consist Sflsp^on or, sptoion of ,fl» ..cpngwund or 

P^'^^^^y.^f^m.^t- ^1 ?^t«l>.fe &r ..example,,,ethanol. 

glycerine, non-aqueoiB solyaot (for.example polyethylene glycol), oils, o^ .water witii a 

.•^P!^. agent, presKvative, flavouring or colouring agent A composition in the form 
of a tablet c?p be i)r^ared usmg any suitable pharn^ carrier(s) routinely used for 
preparing solid formidations. ,E^ of such camera include magn^um stearate^ 
starch, lactose, spcrose and cellulose. _ A composition in the form of a capsule can be 
prepared uang routine _enc^sutetion procedures. For example, _p!eflets . cratam^ die 
active ingredient can be prepared using standard caniers and &en filled into a hard gelatin 
c^sule; alternatively, a dispersion or suspension can be prepared usmg any suitable 
phannaceutical oarrier(s) (for example aqueous gums, celhiloses, silicates or oils) and tiie 
dispersion or suspension then. filled into a soft gelatin, p^sule,. . lypical . parenteral 

or suspension of the confound or pharmaceutically. 



15 
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. acceptable salt in a sterile aqueous cazrier or parent^^y acceptable oil, for example 
polyethylene . glycol, polyvinyl pyirolidone, lecifliin, arachis oil or sesame oil. 
Alternatively, the solution can be lyophilxsed and dien reconstituted mth a suitable 
solvent just prior to administratioa A typical suppository formulation comprises an 
5 active compound or a phaimaceutically acceptable sialt thereof which is active when 
administered in this way, with a binding and/or lubricatmg agent such as polymeric 
glycols, gelatins or cocoa butter or other low meltmg vegetable or synthetic waxes or fats. 
The invention is further described in the following examples which are intended to 
illustrate the inveation without limiting its . scope. In order to &cilitat6 understanding of 
10 the following examples certain metiiods and/or tenns will be desaibed. . r ^ 

AQ publications^ including but not limited to patents and patent applications, cited 
in this specification are herein mcorporated by reference as if each individual publication 
were specifically aiid iDudividually indicated lb be incorporated by reference, herein as 
though fuUy set forth. 

15 iEkampIes 

' f I . • » ! ■ < 

Example 1 

TAQMAN® analysis of 6PR40 ei^ression in Human Tissues 

1 ' * ' l'' \ • • ■ ' • • • ^ i 

■ 

Generation of samples for TAQMAN® mSNA analysis:. . , 
20 TAQMAN® PCR was performed following the procedure published by Sarau HJM et al, 
('Identification, Molecular Cloning, Expression aEd Oiaracterisati^ of a Cysteinyl 

• ••»'.» 

Leukotriene Receptor", Molecular Pharmacology, 1999, 56, : 657-663.) TAQMAN® 
quantitative PGR was conducted to measure GPR40 mKNA using replicate 96-well 

plates, A 20|il volume of a PGR master mix (contaimng 2.5pi TAQMAN® . buffo:, 6|jJ. 

25 25mM MgCt 0.5^1 of lOmM dATP, 0.5|il of 20mM dUTP, 0.5^1 of lOmM dCTP, CSjil 

of lOmM dGTP, 0.25pl Uracil-N-glycosylase, Ipl of lO^iM forward primer, IjjI of lOjiM 

reverse primer, 0.5|j1 5\M TAQMAN® probe, 0.125^1 TaqGold [PE Biosystems], 

6.625^1 water) was added to each well using Biomek robotics (Beckman Coulter, High 
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Wycombe, UK),, and. the plate capped usipg optical caps (PE Biosystems). The PGR 
reaction was 9anie4 out on an ABI7700 Sequence Detector (PE Biosystems) using the 
PGR paiameteis: 50OC for 2 minutes, 950C for 10 minutes and 45 cycles of 940C.for 15 
seconds, 60OC for 1 minute, and liie level of mRNA-derived cDNA. in each sample was 
calculated fiom the TAQMAN® signal using plasmid/genomic DNA caUbration 
standards included in each run. The level of genomic DNA contaminating the original 
RNA samples was shown to be negUgible (<10 copies genomic DNA/ng RNA) by 
TAQMAN® measurement of genomic sequence for ten genes in replicate sanq>les taken 
through the reverse tcanscription procedure described with the. omission of reverse 
transcriptase. Gene-specific reagents £)r GPR40: 



15 



forward primer 5' GTGGTGCTTAATGCGCTGGT (SEQ ID N0:5) 
reverse piimerS' TGGCGTTAGTTCTGGGACTTG (SEQ ID N0:6) 
probe: 5 ' CTTGCGTTCTTGCCGGACACACTGT (SEQ E) N0:7) 



Tb& results show that the higjiest levels of GPR40 are expressed in the pancsreas: 
results are shown in Table 1 



20 



Table 1 



GPI140 Body tissue mBNA levels 

units: copies of GPR40 mRNA detected/ng mRNA pool 





•mean 

mSNA 

copies 


+/-SEM 

_ I 








Brain 


111 


12 


Pituitaiy 


46 


18 


Heart . 


91. 


47 


Lung 


30 


15 



J. 



I • ■ 
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Liver 


28 


11 


Foetal Liver 


59 


28 


Kidnev 


24 


13 


IVfuscle ■ 


44 

1 F 


10 




22 


7 






21 




U I 


A 




62 


24 


Macrophage 


,7 


7 


adipose 


30 


6 


Pancreas 


225 . 


44 


Prostate 


78 


32 


Placenta 


- 31 


11 


Cartilage 


5 


6 


Bone ■ 


"' 30 


11 


Bone marrow 


20. 


12 



10 
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Example 2 

Expression of GPR40 In human pancreatic islet cells 

..-ii';.' 

TAQMAN® analysis of human pancreatic islet SNA ys total pancreatic RNA was ..carried 



out as described in Example 1. For an equivalent SNA sample from islet cells and total 



■{1. 



pancreas^ in 3 independent islet samples there was a 2 to 100 fold higher expression of 



GPR40 than in total pancreas. Results not shown). 



* J ■ 



. Examples 

Expression of GPR40 in MIN6 and BRIN insulinoma cells 
TAQMAN® Conditions for mouse and rat GPR40 Expression: 

TAQMAN® was performed using 5Qng cDNA per reaction with 0 J )iM forward 
primer, 0.3 jiM reverse Primer, O.ljiM probe and Ix TAQMAN® Master Mix (PE 
Applied Biosystems, UK). The cycle canditions were as follows SO^C for 2 min, 95^0 
for 10 min foUowed by 40 cycles of 95^0 for 15 sees, 600c for 1 mini 
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Primer/Probe sets for monse/rat GPR40 

Forward Piimer:5' AGTTCCCTGGGCATCAACATA3' (SEQ ID N0:8) 
Reverse PiimerS' CAAGGGCAGAAAGAAGAGCAGA3* (SEQ ID N0:9) 
Probe:5'AATGGCTCCCCGGTCTGCCTGG3 ' (SEQ ID NO:10) 
Results are shown iq Table 2. Results show that GPR40 was expressed in both 
insulinoma cell-lines, confinning P-cell localisation. The results fiirtha showed that 

expressioii of GPR40 in MIN6 cells is much greater than in BRIN cells. 
Table 2 



bisulinoma cell line 


Av Ct value^ 

• 


Relative value 
(mouse std curve) 
nonnalised QiPRl^) 


Relative value (rat std 

If ■ . *\ 

curve) normalised 


MIN6 ' 






119946.9 ~ 


(Mouse Lisnlinoma ) 


• • - - . 1 






(rat insolinoma) 


It! 


3J23xlQn^ 

» 

• 


.0.09 



■7- 



transcript 

2) HPRT = Hypoxanthine-Giianiae Phosphcxribosyitransferase 

; J- - n :;i I?. !.>; " 




Example 4 

GPR40 expression is incii'eased in ob/ob mouse pancreas 

r® analysis was carried oiit to'cletemiiie 6p!r^* levels in C57B1/6 lean 
mice compared with C57B 1/6 '6b/o6 hoimozygousWock-out 
fortber compared witb levels of insulin mRNA.^ Tbe results are shown in Table 3. 
Tables 



* t 



9 

I * 


Relative Quantity GPR40* 
(niRNA+s.e.nL). 

• 


Relative Quantity Insulin' 
(mRNA + s.e.nL) 


C57/B1/6 lean mice ' 
(n-10) 


12 + 28 '■ 


"78 + 7 
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C57B1/6 ob/ob mice 


1 13 + 23 


960 + 145 


(n=10) 


• 





1) relative measure £rom a standard curve created using known amounts of cDNA made 
from total RKA with random primers. 



( 



10 
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Example 5 

GPR40 and fatty adds - receptor ligand pairing 

Cells e3g>ressizig the GPR40 recq)tor exhibit a dose-related increase in 
intracellular calcium levels in response to &tty add ligands, as measured by FLIPR 
technology. Figure 1 shows the FLIFR response detected following addition of elaidic 
acid (trans oleic add, 9'-octadecanoic acid) to HEK-293 cells transiently ejqpressing the 
GPR40 receptor. No response was detected in cells transiently e:q)ressing two other 7TM 
receptors (PGRW and HLIEXl 1). The assays utilized a O-proteik cocktail (+GFC) that 
contained chimeric and promiscuous G-protdns^ as is known in' the art of screeiiang . 
orphanG-protdn coi5)Ied receptors. . 

GPR40 stimulation by othdr fatty acid ligands, using PIIPR teiirioiogy as 

. • . : . . >• ' . .■ ,. it I Ij. • 

' . ' ■ • . .. ' • 

described herein, is sh^own in Table 4 below (pEC50 = -log EC50 where EC50 is ; 
'effective concentration'; EC50 is half of the concentration of compound necessary for a 
maximal response) . - . . * " 

: ; • i . . ' . -.l: ' 

Table 4 



• 

• * 




« 






Meani- 
pECSO 


(+/-) 


t 


Mean 
pECSO 


Mean 
pECSO 


Mean 
pECSO 




of 3 

expts 


sem 


Unsaturated Fatty Adds 








• • 


1 


• 


Pahnitoleicacid.Ci6H3o02 (9Z) 


4.82 


4.81 


4.96 " 




4.86 


0.05 


Lxaolenic acid Cig H30 O2 (9Z^ 
12Z, 15Z) 


4.93 


4.66 


5.12 




4.90 


'■' 0.13 


Linolcicacid C18H32O2 (9Z, 12Z) 


4.78 •: 


4.68 






4.73 




12. Elaidic add C18H34O2 (9E) 


5.03 


5,27 


5.18 




5.16 


0.07 


Oleic add C18H34O2 (9Z) 


4.55 


4.23 






4.39 


n=2 


Petroselinic acid C18H34O2 (6Z) 


4.88* 


4.97 


5.03 




5.00 


0.02 
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AQ-trans-retinal (Vitamin A 
aldehyde) C20 H28 0 
All-trans-retinoic acid (Vitamin A 
acid; Tretinbin) C26 Hjg O7. 
9-ci8-retinoic acid (9-ci8-tretiiioin) 
C20H28 

All-trans-retinol (Vitamin A) C20 
H30O 

Arachidcmic acid C20H32O2 (5?. 
8Z. HZ, I4Z) 



4.08 



5.56 



4.27 



4.23 



5.52 



4.52 



No Fit No Fit 



4.74 



■ 4.89 



5.fi5 



5.14 V 



cis-4,7,10,13,16,19-Docosahexaenoic 
acid C22H32O2 •' . ■ ■ ' " 



5.18 



5.53 



5.4 



1m j . ■»: 



4.16 



5J8 



4.40 



4.92 



5.37 



n-2 



0.04 



n=2 



0.12 



0.10 



Enicicadd C22H42O2 (13Z) 



433* 



No Fit 



433 



n=l 



Nervoaic acid C24 H4fi (15Z) | No Fit | No Fit 



Saturated Fatty Adds 



nrcaproic acid CfiHiaOa 



4.33» 



No Fit 



4J3 



n-1 



4.33 



4.22' 



4.28 



n=2 



Nonanoic acid Cg .Hi g O2 



CapricBcid C10H2QO2 



4.74 



4.96 



4.84 



10 4.85 



Undecanoic acid Cii H22 O2 



4.66 



4.83 



11 4.70 



Lapic acid ^odecanoic add) .C12 
H24O2 



4.75 



4.93 



5.07 12 i 4.92 



0.06 



0.07 



0.09 



Tridecaaoic acid C13 H26 O2 



4.95 



5.05 



13 



4.93 



0.07 



Myristic acid C14 H28 O2 



4.95 



4.52 



5.05 



14 4.84 



0.16 



Pentadeconoic acid Cis HgQ Oj 



4S7 



5.36 



5.21 



15 5.18 



0.11 



Palmitic acid C16H32O2 



5.08 



5.51 



16 530 



0.12 



Heptadecanoic acid C17 H34 O2 



Stearic acid C18 H36 O2 



Ncmadecanoic acid Cjg H38 O2 



4.86 



4.99 



5.11 



17 4.99 



4.7 



4.78 



4.85 



18 4.78 



4J8 



4.46* 



19 



4.52 



0.07 



0.04 



n=2 



Arachidic acid C20H40O2 



No Fit 4.21* 



20 



4.21 



ifeneicosanoic acid C21H42O2 



4.45 



4.53* 



21 4.49 



n=l 



n=2 



Behenic acid ^ocosanoic aci^ C22 
H44O2 



429 



431 



I J .22 



430 



n:^ 



Tricosanoic add C23H46O2 



431 



No Fit 



23 431 



Lignoceric add C24 H48 O2 



No Fit No Fit 



24 



n=l 
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Additidaal Fatty Acid Compouads 


• 


EC50 
(M) 


EC50 
uM 


pECS 
0 






Mean acid (10:3 




2.51E-06 


2.5 


5.60 






Linoleic acid (18:2^-6) 




9.S4E-06 


9.5 


5.02 






Linolenic acid (18:3^-3) 




S^OE-06 


5.5 


5.26 






Oamma-Linolenic acid (18:3,n-6) 


• 


8.91ErO€ 


. , 8.9 


5.05 






Elaidic acid (18:U 11-9, £) 




1.35E-0S 


13.5 


4.87 






17-Octadecynoic acid (17-ODYA) 
(18:1 X tenninal acetylene 


- 


738E-06 


7.6 


5.12 






£icosa-llZ.142^dienoic acid f2G:2.n* 
6) 




1.07E-05 


10.7 


4.97 

» 






£icos3-5Z»82^dienoic acid (20:2^- 

121 




7.76E-06 


7.8 

* 


5.11 


• 




iBicosa-1 IZ 14Z 17Z-.trienoic acid 
(20:3,0-3) ■ ' 




1.12E-0S 


112 

• 


495 


• 




I!Mliotno-0flmtiifl.-liiiDleiuc acid 

Mm^ A*M^JUi,\J Pl*\ iM i iM t 1 1 Infill I J l^r CM^AW 

(20:3^-6) 


• 


7,24E-06 


• 72 


5.14 






5 8 1 1 -Rico«ifttrivnoie AciA ^20*3 x 
acetvlenesl 


- 


1.70E-06 


1 7 


5 77 




■ 


Eicosa.5Z,8Z,l 1Z,14Z,17Z- 
pentaenoio acid 
(20:5, n-3) 




6.7fiE-06 


6.8 


5.17 




t 
• 


Arachidonic acid (20:4^-6) 




9.12E-06 


9.1 


5.04 






14®, 15(S).DiHETE (20:4 + 2 
hydroxyls) 


• ^ 4 


2.34E-0S 

« • 


23.4 


4.63 






Docosa-13Z,16Z,192^trienoic acid 
(22:3,n.3) 




6.76E-06 

- f 


6.8 


5.17 






Adrenic acid (22:4,n-6) 


J 


1.35E.05 


133 


4.87 






Docosa-7Z,102;i3Z,16Z,19Z- . 
pentaenoic acid 
(22j5,n-3) ' 


♦ 


4.68&4)6 


4.7 , 


533 


1 




Docos^-4Z,7Z, lOZ, 13Z, 1 6Z, 19Z- 
hexaenoic acid (22:6, n-3) 




1.62E-06 


1.6 


5.79 
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Example 5A ' 
Fimctioiial Assays 
&protein Coupling 

* * 

Most GPCRs show constitutive activity as expression of the (ffCR increases. 
Bjqjeriments were perfonned to determine whether GPR40 coiiples through Gcc^ , Ga», or 
Goj , usnig constitutively active reporters and following agonist activadon. 

Constitutive GPR40 activity was examined m melanophores. The melanophores 
were transient^ transfected with 10, 20, 40 and 80ug of GPR40/pJG3.6 plasmid DNA by 
electroporation and plated into 96-well plates. Forty-eight hours post-e^lectrpporation, 
media was aspirated and replaced with L-15 assay buffer, assay buffer + 25nM Melatonin 
or assay buffer + lOOnM alpha-MSH. These reagents were allowed to incubate for 2 
hours and the transmittance (T) was read. Percent constitutive activity was calculated 
using ^ following calculation: 

(T(L1S)>T(MSID) ♦lOO 
Cr(Melatonin) - T(MSH)) 

Results show that increasing amoimts of transfected GPR40 DNA produced an increase in the 
Goi/Goo activity, indicating that constitutive activity of GPR40 is through either the doj/Goo 
family of G-proteins. (Figure 2) 

* ' . " ' ■,•.'(■••..''"• 
, . ........ 

Specific coiq)ling was detenimied in mammalian cells using transient expression of a 
CRE-luciferase reporter for Ga^ and stable cell-lines contammg Gal4/EIX-l-luciferase 
reporter for Qo^/GOi. Wild-type CHO cells were co-transfected witii 3X-CRE-Iuciferase 
rq)ortcr vector and various amounts of an expression vector for GPR40. The control cells 
were transfected wMi reporter vector only. The reportesr gene plasmids were produced in 
house but similar vectors can be purchased from Stratagene (PATHDETECT®). Cells 
were plated in a 24 wdl tissue culture plate at 1 x 10* cells/well in DMEM/F12 
supplemented with 5% FBS. After 72 hours at ST'C, 5% COj, the cells were transfected 
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using the liposomal transfection reagent sold mder the trademark LIPOFECTAMINE® 
and with the following combinations of plasmids: 

* 

A- 3x-CRE-Luc 

■ 

B- 3x-C3lE-Luc + CMV-GPR40 ' ' 
, C^3x<3lE-Luc + CMV-Gs coupled receptor - 
The concentration of reporter plasmid for all wells was O.lSjig/welL Concentratidns of 
recqptor plasmids were 0.5, 1.0, 5.0, lO.O ngAvelL After 24hrs Cells containing Ing/well 
of receptor plasmid or no DNA control and CRB-Luc reporter were treated with fatty acid 
or the calpitdnin which is known to act through a Os-coupled recq)tor (Chakraborty, 
Science 251: 1078 (1991)) at concentrations mdicated. Luciferase production was 
assayed after 4 hours of treatment using a luciferase reporter gene assay kit available 
und^ the trad^nark LUCUTB® , used per manu&cturers instructions (Packard 
Bioscience). , . . 

AssbowzimFigureSa, tfaerewasnoincre intheCRE 
systan at any dose of GPR40 expression vector. In contrast, as shown in Figure 3b, 
expr^sion of a Gs-90iq)led recept9r eh^^ significant increase in luciferase activity 

As shown in Figure 3c, although calcitonm elicited an increase in luciferase 
production in both the cells containing reporter only and tiiose containing GPR40. there 
was no effect of 5,8,1 1 Eicosatriynoic acid at any concentration tested, indicating that 
neither GPR40 constitutive nor agonist-activated activity, is coimled via Gas. 

^ Tp. further test the coupling of CiPR40 to Go/Go, a Gal4^]k-1 reporta: was used. 
A stable, plonal rq}6rtar line was created by transfectipg CHO cells with a plasmid that 
contains an expression construct for GAL4/Elk-1 and a GAL4-ludferase reporter 
construct. A similar reporter system can now be purdiased from Stratagene (under the 
trademark PATHDBTECT®). An expression construct for human GPR40 which contains 
a Gr4 1 8 resistance ^cmstruct was transfected mto the host CHO GAL4/Elk- 1 reporter cell 
line (lOug plasmid DNA pCR3-jGPR40) via electroporation. The cell Imes were selected 
for with 500ug/niL .G418 until all cells in the control were dead and clones were thfen 
pickei The Gal4/Elk-1 reporter can be activated through Qq or 01 To confinn coupling 
via Gi, ceUs wore treated with pertussis toxin treatment which ADP-ribosylates Gcii 
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preventing its interaction wi|ii receptors ( Bokpch et.aL, J. Biol. Chem 258:2072 <1983)). 
Pertussis toxin has no fcnoivn effect oji Gotq. 

Host cells and those transfected with the GPR40 construct were plated in a 96- 
well tissue cultiire plate at 2000 cells/well in DMEM/F12 supplemented with 5% FBS. 
After 48 hours at 37°C at 5% CO^ the cells were placed in serum-free DMEM/F12 in flie 
presence or absraice of lug/ml pertussis toxin. After 16 hours at 37°C, 5% CO^ the host 
cells wae treated with: lysoidiosphatidic acid (oleoyl) (IJ A) which coupl^^ 
to activate MAP kinase (Hordijk et al, , I Biol. Chem. 269: 645 (1994)); thrombin which 
coT^les through God and Goq (Hung et al. , J. Biol. CSMii. 267:20831 (1992)); or 5,8,11- 
Eicosatriynoic add (a GPR40 Kgand), at the concentrations indicated. The host cells 
containmg the aPR40 construct were i3timulated with 6r'5,8,ll-Eic6satrijaibic aM at ±e 
concentrations mdiciated. Controls for lysophosphatidic acid contained 0.5% DMSO; 
controls for 5,8,11-eicosatrienoic acid contained 0.05% ethanoL Lucif erase activity was 
assayed 4 hours ajSo: treatment using a luciferase reporter giaie-assay kit k^ailable under 
the trademark LUCLITE®, as per manufabtureiB instructions (Packard Biosa^c^). " 

• • . As shown m Hgure4Ai ih the host cells 
completely abblishisd by the pertiissis toxin treataerit coirfiniimg Go,. 

'As dibwii m Figure 4C, hidfe^e prbdaii^^ ihramlra &nniatiMi'was 
only partiaUy atteimated fciili^ toxm treatmerit timSnr^ ' 
As jshowd ih FIgiire 4D and 4E, clones tamsfectfed with' GPR4d'^resa^^ 
construct and ELK^<3al4 reporter exhibited an mcrease in basal roKMrtw-al^ versus 
the host cell Ime containing reporter alone, which was decreasfed by up to 70% following 
pertussis tbxm treatmrat suggesting constitutive Gcxrcoiipled receptor acting ' ' ' 
' ' As shown in Figure 4B, 5,8,1 1-Eicosatriynoic acid had no efteci on lucifarase 

. . . , . . . , ■ ; , J • ^ 

production in flie host cells, but increased Indferase activity compared to basal in cells 
containmg GPR40 in a mianner which wbs not inhibited by partussis toxin treatmerit 

Theise assays demonstrate that constitutive GPR40 receptor activity is coupled to 
the Go, or Gc^i (mkI related fiamily members) pertussis toxin smsitive G-iproteins. 
Furthennbre, fetty acid agonist stunulated GPR40 recep^ activation is coupled through a 
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pertussis-toxin msensitive G-protein, suggesting that agonist-stimulated GPR40 recq)tor 
activation is coiqjled Ifarough Gctq. 

■ t ■ ■ ■ ■ ■ 

£xample6 

Fimctional Assays 

Calcium Assay 

Receptors stably expressed in HEK 293 cells can demonstrate a robust calcium 
response to agonists with the appropriate rank order and potency! Basal calcium levels in 
the HEK 293 cells in GPR40-transfected or vector control cells' ^e in the normal 100 nM 
to 200 nM range. - HEK 293 cells expressing recombinant GPR40 recq)tors are loaded 
with liie fluorescent indicator FLUO-4 and m a single day > 150 selected ligands dre 
evaluated for agonist-induced calciim mobilization. Agonists presenting a transient 
calcium mbbili2ation are' tested in vector control cells to defemiine if flie calcium 
response is unique to the transfected receptor cells. When a' uniqiii agonist-induced 
response is identified, the response is reproduced m a separate group of cells and then 
pharmacologically characterized with coticenlration response curves for tiie effective and 
related Ugands. ' . ' '•• ■ ' .Jj'i'v/- 

Example? 

i '-Membrane Preparation andScreeh for GPR40 

Fatty acid ligand binding competition assays are useful for the discoverv of 
antagonists and agonists of the GPR40 receptor. As a source of the GPR40 receptor. 
CHO or HEK 293 cells stably transfected with the GPR40 receptor are useful; other cells 
transfected with the GPR40 receptor or cells^ that naturally show a high level expression 
of the GPR40 receptor may- also be employed. Typically the culture of cells expressing 
the GPR40 receptor is scaled up to 30L and cells are recovered by centrifiigation at 600 x 
g for 10 min. The cell pellet is then fi'ozen m liquid nitrogen. Pellets usually contain 
around 10^ cells. For membrane isolation, pellets are fireeze^ thawed 3 tunes. They are 
then resuspended in ice cold lOmM Tris (pH 7.5), 1 mM EDTA (sodium salt) (40 mls/leS 
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cells) and homogenized using a Dounce (glass/glass) homogenizer (20-25 strokes), 
followed by a Polytron suspension with 3-10 sec poises on a % setting (Brinkman tissue 
homogenizer). This suspension is centrifuged at 300 x g for 10 min. The pellet is 
discarded and the supematent fraction is centrifuged at 40,000 x g (Sorvall SS-34: 18,000 
rpm) for 30 man. at 4 ^C, resuspmded in homogenizing buffer using the polytron, and 
washed one time. The pellet is resuspended in assay buffer (50 mM Tris pH 7.5) at a 
concentration of 1 - 4 mg protein/ml. 



Membranes obtained ttiis way are suitable for.fhe set-pp of a high.throughput 
fitty add ligand binding competition assay to search for compounds that interf^e in the 
ligand-recjq)tor interaction. The total binding of a labelled fatty acid to tiiese membranes 
, is first tested to be linear with the amount of membranes used. The time period to reach 
equilibrimn binding at a suitable temperature is also established and is in our experience 
about 1 h at a temperature of 20 ^C. Conditions for such a screening assay are . , 
exenipli£ed by ^^se used in MQH receptor binding. Typically 25 }xg of membrane 
prpteia per well is used in.a total volume.qf 100 pi buffer containing 50 mM HEPES, 1 
mM ;CaCl2.^ mM .Mga2 and 0.5. Boyine serum albumin (western blot quality), pH 
7.4. The concoitration of ^^hwMCE is ^ically 1-2 nM and 75,000. cpm /well 
Specific binding of ^^^I-mMCH should be displaced completely by unlabeled MCB at 
concentrations of 100 nM more. - 

The con)|>oumla to be tested are typically dissolved and added in DMSO and final 
concentrations of DMSO in the assay are 1 % or less. After incubation the contents of the 
wells are harvested on a polyethyleneinunis-treated GF/C filter uising a 96 well plate cell 



harvester and the filters' are washed four times wWi typically 1 mi icecold wadi buffer 
containing 20 mM HEPES 0.5M NaCi pH 7.4. The filters are counted to identify 
antagoaisfe of labelled fatty acid liganH T wTiVting 



( 
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That wbich is claimed is: 

1 . A method of scre^iing a test compound to detennine whether the compound is 
a GFR40 recq)tbr ligand, comprising detecting whether said test compound competitively 
mhibits the binding of a fetty acid GPR40 ligand to a GPR40 receptor. 

2. A method according to claim 1 where said fatty acid is labeled with a detectable 
label. • 

3. A method according to claim 1 where said GPR40 receptor is provided by cell 
membranes containing functional GPR40 recqptors. 

4. A method according to claim 1 where said fatty acid GPR40 ligand is selected 
firom Table 4 herein. 

5. A iiiethod of screening a compound for GF^R40 antagonist activity, comprising: 

(a) providing k test cell expressing on its suiface a GPR40 recq>tor, and 
containing a reporter construct comjprising a responsive transbiiptional element and a 
reporteir gene, whef e expression of the reporter gene produces a detectable signal; 

(b) exposing said test cell surface to a GPR40 fattty acid agonist under conditions 
that pemnt bindixxg of a iGPR46 fiatiy 

(c) exposing said test cell siirfisice to a test compound, 

(d) measuring any detectable sig^ produced by said reporter gdae, and 

(e) comparing the detectable signal measured in (d) to that e:^ected to occur in die 
presence of said GPR40 &tty acid agonist; 

where a decrease in the detectable signal, compared to the detectable signal expected to 
occur due to the fatty acid agonist, indicaties said test corhpound is a GPR40 antagonist 

6. a method according to claim 5 where said comparing step (e) comprises 

• . ■ . 

comparing the measured detectable signal to a pre-deteimined standard. 
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7. a mefliod according to claim 5 where said compaiing step (e) comprises 
providing a control cell, exposing said control cell to said GPR40 fetty acid agonist, 
measuring the detectable signal produced by the reporter gene, and comparing said 
control cell measurements with said test ceU measurements. 

« 

8. A method according to claim 5 where said reporter gene encodes an enzyme 
selected from luciferase, phosphatase, secreted alkaline phosphatase, p-galactosidase, 
green fluorescent protein, beta lactamase, and chloramphenicol acetyl transferase. 



9. A method according to claim 5 where said cell is a mammalian celL ( 

10. A method of screening a compound for GPR40 agonist activity, comprising: 

(a) providing a cell expressing on its surface a GPR40 recq)tor, and containing a 
reporter construct comprising: 

(i) a responsive transcriptional element selected from a Gi responsive 
transcriptipnal element, a Gq responsive transcriptional el^ent, and a 
Gi/Gq responsive transOTptional element; and 

(ii) a reporter gene, whare expression of the reporter gene produces a 
detectable signal: 

(b) contacting a test compound to said cell sur&ce, tinder conditions that permit 
binding of a GPR40 Kgand to the GPR40 receptor, and 

(c) detecting any reporter gene expression. 



1 1. A method accordmg to claim 10 where said reporter gene encode^ an enzyme 

m 

selected ftoin luciferase, alkaline phosphatase, secreted alkaline phosphatase, B- 

galactosidase, gr^ fluorescent protein, beta lactamase, and chloramphenicol acetyl 
transferase. 



12. A method according to claim 1 0 where said cell is a TnflmTnfl]|>7^ cell. 



• ) 
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13. A metiiod according to claim 10 where said respoiisive transcriptional element 
is a Gi responsive transcriptional element 

14 A method according to claim 10 where said responsive transcriptional element 
is a Gq responsive transcriptional element. 

15. A method according to claim 10 where said responsive transcriptional element 
is a Gi/Gq responsive transcriptional element. 

16. A method according to claim 15 where said Gi/Gq responsive transcriptional 
element is :Gal4/ELK-l. . 

17. A method of screening a compound for GPR40 antagonist activity, 
. conqirising: .:' 

(a) providing a cell ejqxressing on its surface a GPR40 receptor^ and containing a 
reporter constract conqyrising: 

(i) a re^on^iye transcripticm 
: • . vtramcriptiq^ 

(ii) a reporter gene, where expression of the reporter gene produces a . 
detectable signal; 

(b) exposing said cell surface to a test compound and a GPR40. agonist under 
conditions that permit binding of a QPRAO ligand to the GPR40 receptor, and 

(c) detecting reporter gene expression; 

where decreased reporter gene expression in the presence of both test compound and 
agonist, compared to reporter gene expression in the presence of said GPR40 agonist 

only, indicates that said test compound is a GPR40 antagonist 

. ' ■ ...,•» 

• " . • I • » . , « 

; 18. A method according to claim 17 where said reporter gene encodes an enzyme 
selected from lucaftarase, phosphatase seoreted alkaline phosphatase, p-galactosidase, 
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green fluorescent protein, beta lactamase, and chloraniphehicol acetyl transferase. 

m 

19. A method according to claim 17 where said cell is a mammalian cell. 

• * • • • - 

20. A method according to claim 17 where said responsive transcriptional element 
is a Gi responsive transcriptional element. 

2 1. A method according to claim 17 where said responsive transcrqrtional element 
is a Gq responsive transcriptional element 

22. A method according to claim 17 where said responsive transcriptional eleinwit 
is a Gi/Gq responsive transcriptional element 

23. A method according to claim 22 where said Gi/Qq responsive transcriptional 
element is Gal4/ELK:-1. « . 

• m 

24. A method of screcaamg a conq)oimd fift' GPR40 ahtagbhist activity, comprising 
detecting whether said compound decreases glucose^stimulated insulin release from 
mamma lian pancreatic beta cells in the presience of a GPR40 agonist,' c^mipared to 
glucose-stimulated insulin release that would occur due to the pies^ice of the GPR40 
agonist 

» 

25. A method according to claim 24 wherein said GPR40 agonist is a fatty acid. 

26. A method according to claim 24 where said fatty acid is labeled with a 
detectable label. . . 

#• ■ 

27. A method of screening a compound for GPR40 agonist activity, comprising 
detecting whether said compound binds to GPR40 and increases glucose-stunulated 
insulin release from mammalian pancreatic beta cells. . 
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28. A method according to claim 27 comprising: 

(a) providing a mammalian pancreatic cell expressing on its surface a GPR40 
receptor, 

(b) contacting a test compound to said cell surface, under conditions that peimit 
binding of GPR40 ligands to GPR40 receptors, and 

(c) detecting wheiiier said test compound increases glucose-stimulated iTi5ai1i TTi 
release from said cell, compared to that which would be expected in the absrace of 
aGPR40 agonist 
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Figure 1 
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Fig. 3 A 



< 12jO 



09 



1 i ^ 




[DMA] nibAven 



10.0 



Fig3B 



0 

c 
0 

a. 



12.0 
10.0 
8.0 
6.0 
4.0 
2.0 
0.0 



VUilXS 





0.5 1.0 

[DNA] ng/weil 




5.0 




10.0 



(C) 2003 Copyright Derwent Information Ltd. 



wo 02/057783 



PCT/US01/4898S 



Fig 3c 
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Fig.4A 
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Fig.4D 
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SEQUENCE LISTING 

<110> Smithmne Beecham p. I.e. 
Celia , Briscoe P 
Diane , Ignar M 
Alison, Muir I 
Tadayyon, Mohammed 



■ • t 
t 



<120> Method of Screening for GPR40 Ligands 

<130> tbd i 

<160> 10 

« 

<170> Patentln version 3.1 

<210> 1 

<211> 903 

<212> DNA 



<213> Homo sapiens 



. ; 

» 



<220> 

<221> CDS' - 
<222> (1) . . <900) ' 
<223> 



<400> 1 

atg gac ctg ccc ccg cag etc tec ttc ggc etc tat gtg gee gee ttt 48 

Met Asp Leu Pro Pro Gin Leu Ser Phe Gly Leu Tyr Val Ala Ala Phe 
1 5 10 15 

gcg ctg ggc ttc ccg etc aac gtc ctg gcc ate cga ggc gcg acg gcc 96 
Ala Leu Gly Phe Pro Leu Asn Val Leu Ala lie Arg Gly Ala Thr Ala 

20 25 30 

cac gcc egg etc cgt etc ace ect age ctg gtc tae gee ctg aae etg 144 
His Ala Arg Leu Arg Leu Thr Pro Ser Leu Val Tyr Ala Leu Asn Leu 
35 40^ 45 

ggc tgc tec gac ctg ctg ctg aca gtc tct ctg ccc ctg aag gcg gtg 192 
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Gly Cys Ser Asp Leu Leu Leu Thr Val Ser Leu Pro Leu Lys Ala Val 
50 . 55 60 

gag gcg eta gcc tec ggg gcc tgg cct ctg ccg gcc teg ctg tgc ccc 240 
GIu Ala Leu Ala Ser Gly Ala Trp Fro Leu. Pro Ala Ser Leu Cys Pro 
65 70 75 80 

gtc ttc gcg gtg gcc cac ttc ttc cca etc tat gcc ggc ggg ggc ttc 288 
Val Phe Ala Val Ala His Phe Phe Pro Leu Tyr Ala Gly Gly Gly Phe 

85 90 95 

ctg gcc gcc ctg agt gca ggc cgc tac ctg gga gca gcc ttc ccc ttg 336 
Leu Ala Ala Leu Ser Ala Gly Acg Tyr Leu Gly Ala Ala Phe Pro Leu 

100 105 110 

ggc tac caa gcc ttc egg agg ccg tgc tat tec tgg ggg gtg tgc gcg 384 
Gly Tyr Gin Ala Phe Arg Arg Pro Cys Tyr Ser Trp Gly Val Cys Ala 
115 120 125 

gcc ate tgg gcc etc gtc ctg tgt cac ctg ggt ctg gtc ttt ggg ttg 432 
Ala lie Trp Ala Leu Val Leu Cys His Leu Gly Leu Val Phe Gly Leu 
130 135 140 

gag get cca gga ggc tgg ctg gac cac age aac acc tec ctg ggc ate 480 
Glu Ala Pro Gly Gly Trp Leu Asp His Ser Asn Thr Ser Leu Gly lie 
145 150 155 160 



aac aca ccg gtc aac ggc tct ccg gtc tgc ctg gag gcc tgg gac ccg 528 
Asn Thr Pro Val Asn Gly Ser Pro Val Cys Leu Glu Ala Trp Asp Pro 

165 170 175 

gcc tct gee ggc ccg gcc cgc ttc age etc tct etc ctg etc ttt ttt 576 
Ala Ser Ala Gly Pro Ala Arg Phe Ser Leu Ser Leu Leu Leu Phe Phe 

180 185 190 

ctg ccc ttg gee ate aca gee ttc tgc tac gtg ggc tgc etc egg gca 624 
Leu Pro Leu Ala lie Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala 
•195- 200 205 - 

ctg gcc cgc tec ggc ctg acg cac agg egg aag ctg egg gcc gcc tgg 672 
Leu Ala Arg Ser Gly Leu Thr His Arg Arg Lys Leu Arg Ala Ala Trp 
210 ' 215 220 

gtg gcc ggc ggg gcc etc etc acg ctg ctg etc tgc gta gga ccc tac 720 
Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Val Gly Pro Tyr 
225 230 . 235 . 240 

aac gcc tec aac gtg gcc age ttc ctg tac eec aat eta gga ggc tec 768 
Asn Ala Ser Asn Val Ala Ser Phe Leu Tyr Pro Asn Leu Gly Gly Ser 

245 250 255 

tgg egg aag ctg ggg etc ate acg ggt gcc tgg agt gtg gtg ctt aat 816 
Trp Arg Lys Leu Gly Leu lie Thr Gly Ala Trp Ser Val Val Leu Asn 

260 265 270 

■ 

ccg ctg gtg acc ggt tac ttg gga agg ggt cct ggc ctg aag aca gtg 864 
Pro Leu Val Thr Gly Tyr Leu Gly Arg Gly Pro Gly Leu Lys Thr Val 
275 280 285 



(C) 2003 Copyright Derwent Information Ltd. 



wo 02/057783 PCT/CSO 1/48985 

3/8 

tgt gcg gca aga acg caa ggg ggc aag tec cag aag taa 903 
Cys Ala Ala Arg Thr Gin Gly Gly Lys Ser Gin Lys 
290 295 300 



<210> 

• 


2 


<211> 


300 


<212> 


PRT 


<213> 


Homo 



<400> 2 

Met Asp Leu Pro Pro Gin Leu Ser Phe Gly Leu Tyr Val Ala Ala Phe 
1 5 ■ 10 15 

Ala Leu Gly Phe Pro Leu Asn Val Leu Ala He Arg Gly Ala Thr Ala 

. 20 25 30 . 

His Ala Arg Leu Arg Leu Thr Pro Ser Leu Val Tyr Ala Leu Asn Leu 
35 40 45 

Gly Cya Ser Asp Leu Leu Leu Thr Val Ser Leu Pro Leu Lys Ala Val 
50 55 60 

Glu Ala Leu Ala Ser Gly Ala Trp Pro Leu Pro Ala Ser Leu Cys Pro 
65 70 75 80 

Val Phe Ala Val Ala His Phe Phe Pro Leu Tyr Ala Gly Gly Gly Phe 

, . S5 . 90 . 95 - 

Leu Ala Ala Leu Ser Ala Gly Arg Tyr Leu Gly Ala Ala Phe Pro Leu 

,100 105 110 

Gly Tyr Gin Ala Phie Arg Arg Pro Cys Tyr Ser Trp Gly Val Cys Ala 
115 120 . 125 

Ala He Trp Ala Leu Val Leu Cys His Leu Gly Leu Val Phe Gly Leu 
130 135 - 140 

Glu Ala Pro Gly Gly Trp Leu Asp His Ser Asn Thr Ser Leu Gly He . 
145 . 150 . 155 . 160 * 

Asn Thr Pro Val Asn Gly Ser Pro Val Cys Leu Glu Ala Trp Asp Pro 

165 170 175 

Ala Ser Ala • Gly Pro Ala Arg Phe Ser Leu Ser Leu Leu Leu Phe Phe 

180 185 190 

Leu Pro Leu Ala He Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala 
195 200 205 

Leu Ala Arg Ser Gly Leu Thr His Arg Arg Lys Leu Arg Ala Ala Trp 
210 , 215 220 

* * ■ 

Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Val Gly Pro Tyr 
225 230 ' 235 240 
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Asn Ala Ser Asn Val Ala Ser Phe Leu Tyr Pro Asn Leu Gly Gly Ser 

245 250 255 

Tjcp Arg Lys Leu Gly Leu He Thr Gly Ala Trp Ser Val Val Leu Asn 

260 265 270 

r 

Pro Leu Val Thr Gly Tyr Leu Gly Arg Gly Pro Gly Leu Lys Thr Val 
275 280 285 

Cys Ala Ala Arg Thr Gin Gly Gly Lys Ser Gin Lys 
290 295 300 



<210> 3 

<211> 903 

<212> DNA 

<213> Mus mus cuius 



<220> 

<221> CDS 

<222> (1).,(900) 

<223> 



<400> 3 

atg gac ctg ccc cca cag etc tec ttc get etc tat gta tct gee ttt 48 

Met Asp Leu Pro Pro Gin Leu Ser Phe Ala Leu Tyr Val Ser Ala Phe 
1.5 10 15 

gcg ctg ggc ttt cca ttg aac ttg tta gcc ate cga ggc gca gtg tec 96 
Ala Leu Gly Phe Pro Leu Asn Leu Leu Ala He Arg Gly Ala Val Ser 

20 .25 '30 

cac get aaa ctg cga etc act ccc age ttg gtc tac act etc cat ctg 14 4 

His Ala Lys Leu Arg Leu Thr Pro Ser Leu Val Tyr Thr Leu His Leu 
35 40 45 

ggc tgc tct gat etc eta ctg gcc ate act ctg ccc ctg aag get gtg 192 
Gly Cys Ser Asp Leu Leu Leu Ala He Thr Leu Pro Leu Lys Ala Val 
50 55 60 

gag gcc ctg get tct gga gcc tgg ccc ctg ccg etc ccc ttc tgc cca 240 
Glu Ala Leu Ala Ser Gly Ala Trp Pro Leu Pro Leu Pro Phe Cys Pro 
65 70 75 80 

♦ 

gtc ttt gcc ttg gcc cac ttt get cee etc tac gea ggc gga ggc ttc 28 B 

Val Phe Ala Leu Ala His Phe Ala Pro Leu Tyr Ala Gly Gly Gly Phe 

85 90 95 

eta get get etc age get ggc cgc tac ctg ggg get gcc ttc ccc ttc 336 
Leu Ala Ala Leu Ser Ala Gly Arg Tyr Leu Gly Ala Ala Phe Pro Phe 

100 105 110 



I 
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ggg tac caa gcc ate egg agg ccc cgc tat tec tgg ggt gtg tgt gtg 384 
Gly Tyr Gin Ala He Arg Arg Pro Arg Tyr Ser Trp Gly Val Cys Val 
lis 120 125 

get ata tgg gcc ctt gtc etc tge cac ctg ggg ctg gcc ctt ggc ttg 432 
Ala He Trp Ala Leu Val Leu Cys His Leu Gly Leu Ala Leu Gly Leu 
130 135 140 

gag aet tee gga age tgg etg gae aae agt ace agt tec ctg ggc ate 480 
Glu Thr Ser Gly Ser Trp Leu Asp Asn Ser Thr Ser Ser Leu Gly He 
145 150 155 160 

aac ata ecc gtg aat ggc tec ccg gtc tgc ctg gaa gcc tgg gat ccc 528 
Asn He Pro Val Asn Gly Ser Pro Val Cys Leu Glu Ala Trp Asp Pro 

165 170 175 

gac tct gcc cgc cct gcc cgt etc agt ttc tec att ctg etc ttc ttt 576 
Asp Ser Ala Arg Pro Ala Arg Leu Ser Phe Ser He Leu Leu Phe Phe 

180 185 190 

ctg ccc ttg gtc ate aet gee ttc tge tat gtg gge tgc etc egg gee 624 
Leu Pro Le\i Val He Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala 
195 200 205 

ctg gtg cgc tea ggc ctg age eac aaa egg aag etc agg gca get tgg 672 
Leu Val Arg Ser Gly Leu Ser His Lys Arg Lys Leu Arg Ala Ala Trp 
210 . 215 220 

gtg gcc gga gge get etc etc aca etc etg etc tgc ctg ggg ccc tat 720 
Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Leu Gly Pro Tyr 
225 230 235 240 

aat gee tee aat gtg get agt ttc ata aac ccg gac eta gga ggc tee 768 
Asn Ala Ser Asn Val Ala Ser Phe He Asn Pro Asp Leu Gly Gly Ser 

. 245 . . 250 -255 ^ 

tgg agg aag ttg gga etc ate aca ggg gcc tgg agt gtg gta etc aac 816 
Trp Arg Lys Leu Gly Leu He Thr Gly Ala Trp Ser Val Val Leu Asn . 

. 260 265 . 270 . . 

cea etg gtc act ggc tac ttg gga aca ggt cct gga egg gga aca ata 864 
Pro Leu Val Thr Gly Tyr Leu Gly Thr Gly Pro Gly Arg Gly Thr He 
275 . . 280 285, 

tgt gtg aeg agg act caa aga gga aca att cag aag tag 903 
Cys VaJL Thr Arg Thr Gin Arg Gly Thr He Gin Lys 
290 295 300 



<210> -4 

<211> 300 

<212> PRT 

<213> Mus mus cuius 
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<400> 4 

Met Asp Leu Pro Pro Gin Leu .Ser Phe Ala Leu Tyr Val Ser Ala Phe 
1 5 10 15 

Ala Leu Gly Phe Pro Leu Asn Leu Leu Ala He Arg Gly Ala Val Ser 

20 25 30 

His Ala Lys Leu Arg Leu Thr Pro Ser Leu Val Tyr Thr Leu His Leu 
35 40 45 

Gly Cys Ser Asp Leu Leu Leu Ala He Thr Leu Pro Leu Lys Ala Val 
50 55 60' 

* 

Glu Ala Leu Ala Ser Gly Ala Trp Pro Leu Pro Leu Pro Phe Cys Pro 
65 70 75 80 

Val Phe Ala Leu Ala His Phe Ala Pro Leu Tyr Ala Gly Gly Gly Phe 

85 90 95 

Leu Ala Ala Leu Ser Ala Gly Arg Tyr Leu Gly Ala Ala Phe Pro Phe 

100 105 HO 

Gly Tyr Gin Ala- He Arg Arg Pro Arg Tyr Ser Trp Gly Val Cys Val 
115 120 125 

Ala He Trp Ala Leu Val Leu Cys His Leu Gly Leu Ala Leu Gly Leu 
130 135 140 

Glu Thr Ser Gly Ser Trp Leu Asp Asn Ser Thr Ser Ser Leu Gly He 
145 150 155 160 

Asn He Pro Val Asn Gly* Ser Pro Val Cys Leu Glu Ala Trp Asp Pro 

165 170 175 

Asp Ser Ala Arg Pro Ala Arg Leu Ser Phe Ser He Leu Leu Phe Phe 

180 185 190 

Leu Pro Leu Val He Thr Ala Phe Cys Tyr Vai Gly Cys Leu Arg Ala 
195 200 205 

Leu Val Arg Ser Gly Leu Ser His Lys Arg Lys Leu Arg Ala Ala Trp 
210 215 220 

Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Leu Gly Pro Tyr 
225 230 235 240 

Asn Ala Ser Asn Val Ala Ser Phe He Asn Pro Asp Leu Gly Gly Ser 

.245 250 255 

Trp Arg Lys Leu Gly Leu He Thr Gly Ala Trp Ser Val Val Leu Asn 

260 265 270 

Pro Leu Val Thr Gly Tyr Leu Gly Thr Gly Pro Gly Arg Gly Thr He 
275 280 285 

Cys Val Thr Arg Thr Gin Arg Gly Thr He Gin Lys 
290 295 300 
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<210> 5 
<211> 20' 
<212> DNA 

<213> Forward primer for human GPR40 
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<400> 5 

gtggtgctta atccgctggt 



20 



<210> 6 
<211> 21 
<212> DNA 

* 

<213> Reverse primer for human GPR40 



<400> 6 

tggcgttact tctgggactt g 



21 



<210> 7 

<211> 25 

<212> DNA 

<213> Probe for human GPR40 



<400> 7.* • 
cttgcgttct tgccgcacac actgt 



25 



<210> 8 

m I 

<211> 21 

<212> DNA 

<213> Forward primer for mouse/rat GPR40 



<400> 8 

agttccctgg gcatcaacat a 



21* 



<210> 9 
<211> 22 
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<212> DNA 



<213> Reverse primer for mouse/rat GPR40 



<400> 9 

caagggcaga aagaagagca ga 



22 



<210> 10 
<211> 22 
<212> DNA 

<2I3> Probe for mouse/rat GPR40 
<400> 10 

aatggctccc cggtctgcct gg ' 22 
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